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ADMINISTRATION OF HISTAMINE FOR THERAPEUTIC PURPOSES 

Background of the Invention 
The present invention relates to methods of treating cancer or infectious disease in which histamine is 
administered in conjunction with additional agents. The additional agent may be an agent which stimulates the 
5 cytotoxic activity of natural killer (NK) eels and cytotoxic T lymphocytes (CTLs) in a synergistic fashion with 
histamine. Alternatively, the additional agent may be a chemotherapeutic, antiviral or antibiotic agent. Methods 
combining histamine, agents which act synergistically with histamine to increase the cytotoxicity of NK cells and 
CTLs, and chemotherapeutic agents are also contemplated. 

The invention is based on the surprising observation that despite previous reports of histamine's short half 
10 Hfe in the body, it is possible to attain stable beneficial levels of circulating blood histamine and to maintain these 
beneficial levels for hours or days after the last administration of histamine. This observation facilitates treatments 
in which histamine administration to obtain beneficial levels of circulating blood histamine is combined with treatment 
with other agents. The invention also relates to improvements in the method of administering histamine. A brief 
review of the observations leading to the present invention is provided below to place the present invention in 
15 context. 

A. Cell Types Involved in the Generation of an hflmun? R W>oi?sb 

Recent anticancer and antiviral strategies have focussed on utffizing the host immune system as a means 
of cancer or antiviral treatment or therapy. The immune system has evolved complex mechanisms for recognizing 
and destroying foreign cells or organisms present in the body of the host. Harnessing the body's immune mechanisms 
20 is an attractive approach to achieving effective treatment of malignancies and viral infections. 

A wide array of effector ceBs, each having its own characteristics and role, implement the immune response. 
One type of effector cell, the B cell, generates antibodies targeted against foreign antigens encountered by the host 
In combination with the complement system, antibodies direct the destruction of eels or organisms bearing the 
targeted antigen. 

25 Another type of effector cett, the T cell is divided into subcategories which play different roles in the 

immune response. Helper T cells secrete cytokines which stimulate the proliferation of other cells necessary for 
mounting an effective immune response, while suppressor T cells down regulate the immune response. A third 
category of T eel, the cytotoxic T cell (CTL), is capable of directly lysing a targeted cell presenting a foreign antigen 
on its surface. 

30 An additional type of effector cell is the natural killer eel (NK cell), a type of lymphocyte having the 

capacity to spontaneously recognize end destroy a variety of malignant eel types. This characteristic of NK eels 
makes them an attractive candidate for exploitation in anticancer and antiviral treatments and therapies based on 
using the host's immune system as a weapon against malignant tumors and viruses. 

B. frWM"W MEdfrtiM) the tmrpqe f^popse 
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The interplay between the various effector cells fisted above is influenced by the activities of a wide variety 
of chemical factors which serve to enhance or reduce the immune response as needed. Such chemical modulators 
may be produced by the effector cells themselves and may influence the activity of immune cells of the same or 
different type as the factor producing cell. 
5 One category of chemical mediators of the immune response is cytokines, molecules which stimulate a 

proliferative response in the ceHular components of the immune system. 

lnterteukin-2 (IL-2) is a cytokine synthesized by T ceHs which was first identified in conjunction with its 
role in the expansion of T cells in response to an antigen (Smith, K.A. Science 240:1169 (1988). It is well known 
that IL-2 secretion is necessary for the full development of cytotoxic effector T cells (CTLs), which play an important 
10 role in the host defense against viruses. Several studies have also demonstrated that IL-2 has antitumor effects that 
make it an attractive agent for treating malignancies (see e.g. Lotze, MX et al in "Interteukin 2", ed. K.A. Smith, 
Academic Press, Inc. San Diego, CA V p237 (1988k Rosenberg, S., Ann. Surgery 208:121 (1988)). In fact, IL-2 has 
been utiized to treat subjects suffering from malignant melanoma, renal cell carcinoma, and acute myelogenous 
leukemia. (Rosenberg, SJV. et aL, N. Eng. J. Med. 316:889-897 (1978); Bukowski, R. M. et aL, J. Clin. Oncol 
15 7:477485 (1989); Foa, R. et aL, Br. J. HaematoL 77:491498 (1990)). 

It appears fikety that NK ceDs are responsfole for the anti-tumor effects of IL-2. For example, IL-2 rapidly 
and effectively augments the cytotoxicity of isolated human NK cells m vitro (Dempsey, RJl„ et aL, J. bnmunoL 
129:2504 (1982); Phillips, J.H., et aL J. Exp. Med. 170291 (1989)). Thus, the cytotoxic activity of NK cells treated 
with IL-2 is greater than the constitutive levels of cytotoxicity observed in untreated ceQs. Furthermore, depletion 
20 of NK-ceUs from animals efim'nates IL-2's antitumor effects. (Mule, J J. et aL J. bnmunoL Invest. 139285 (1987); 
Lotze, M.T. et aL, supra). Additional evidence for the role of NK ceBs results from the observation that NK cells 
are the only resting human peripheral blood lymphocytes expressing the IL-2 receptor on their ceD surface. (Caliguri, 
MA et aL, J. Clin. Invst 91:123-132 (1993)). 

Another cytokine with promise as an anti-cancer and antiviral agent is interferon a. interf eron-a (IFN-a) 
25 has been employed to treat leukemia, myeloma, end renal ceD carcinomas. Isolated NK cells exhibit enhanced 
cytotoxicity in the presence of IFN-a. Thus, like IL-2, IFN-a also acts to augment NK eel mediated cytotoxicity. 
(Trhchieri, 6. Adv. ImmunoL 47:187-376 (1989)). 
C. In vivo results of histamine and histamine agonist treatments 

Histamine is a biogenic amine, Le. an amino acid that possesses biological activity mediated by 
30 pharmacological receptors after decarboxylation. The role of histamine in immediate type hypersensitivity is wel 
estabGshed. (Plaut, M. and Lichtenstem, L.M. 1982 Histamine and immune responses. In Pharmacology of Histamine 
Receptors. Ganellm, OR. and M.E. Parsons eds. John Wright & Sons, Bristol pp. 392435.) 

Examinations of whether histamine or histamine antagonists can be applied to the treatment of cancer have 
yielded contradictory results. Some reports suggest that administration of histamine alone suppressed tumor growth 
35 in hosts having a malignancy. (Burtin, Cancer Lett. 12:195 (1981)). On the other hand, histamine has been reported 
to accelerate tumor growth in rodents (Nordiund, J J. et aL, J. Invest Dermatol 81:28 (1983)). 
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Similarly, contradictory results were obtained when the effects of histamine receptor antagonists were 
evaluated. Some studies report that histamine receptor antagonists suppress tumor development in rodents and 
humans (Osband, M.L et aL, Lancet 1 (82211:636 (1981)). Other studies report that such treatment enhances tumor 
growth and may even induce tumors (Barna, B.P. et aL, Oncology 40:43 (1983)). 
5 D. Synergistic Effects of Histamine and IL-2 

Despite the conflicting results when histamine is administered alone, recent reports clearly reveal that 
histamine acts synergistically with cytokines to augment the cytotoxicity of NK ceOs and CTLs. Thus, therapies 
employing the combination of histamine and cytokines represent an attractive approach to anticancer strategies 
based on using the host immune system to attack the malignancy. Similarly, antiviral treatments using any of the 

10 well known antiviral agents is also contemplated. 

Studies using histamine analogues suggest that histamine's synergistic effects are exerted through the H 2 - 
receptors expressed on the eel surface of monocytes. For example, the preceptor agonist dknaprit was capable 
of augmenting NK eel mediated cytotoxicity, whfle close structural analogues lacking biological activity failed to 
produce an effect. Additionally, ^-receptor antagonists blocked the effects of histamine and dimaprit, implicating 

15 the preceptor in the transduction of the histamine response. (Hellstrand, K. et aL, J. Immunol 137:656 (1986)). 

Histamine's synergistic effect when combined with cytokines is not the result of a direct positive effect 
of histamine on NX cell and CTL cytotoxicity. Rather, the synergistic effects result from the suppression of a down 
regulation of cytotoxicity mediated by other eel types present along with the cytotoxic cells. The discussion below 
provides some of the evidence suggesting that histamine's synergistic effects result from the suppression of negative 

20 signals exerted by other eel types. 

U.S. Patent Number 5,348,739 discloses the synergistic effects of histamine and interleukin-2. As 
discussed above, IL-2 normally induces a cytotoxic response in NK ceOs. In vitro studies with NK cefls alone confirm 
that cytotoxicity is stimulated when IL-2 is administered. However, in the presence of monocytes, the IL-2 induced 
enhancement of cytotoxicity of NK cells is suppressed. 

25 In the absence of monocytes, histamine had no effect or weakly suppressed NK mediated cytotoxicity. (U.S. 

Patent Number 5,348,73% Hellstrand, K. et aL, J. Immunol. 137:656 (1986); HBDstrand, K. and Hermodsson, S., Int. 
Arch. Alergy AppL ImmunoL 92:379-389 (1990)). However, NK cells exposed to histamine end IL-2 in the presence 
of monocytes exhibit elevated levels of cytotoxicity relative to that obtained when NK cells are exposed only to IL-2 
in the presence of monocytes. Id. Thus, the synergistic enhancement of NK eel cytotoxicity by combined histamine 

30 and interleukin-2 treatment results not from the direct action of histamine on NK eels but rather from suppression 
of an inhibitory signal generated by monocytes. 

Without being limited to a particular mechanism, it is believed that the inhibitory effects of monocytes on 
cytotoxic effector cells such as NK cells and CTLs result from the generation of HA by monocytes. It has been 
reported that the production of HA by monocytes suppresses NK eel cytotoxicity. (Van Kessel K.P.M. et aL, 

35 Immunology, 58:291-296 (1986); El-Hag, A. and Clark, R.A. J. ImmuoL 133:3291-3297 (1984); Seaman, Wi. et 
aL, J. Clin. Invest. 69:876-888(1982)). Further evidence of the role of HA in suppressing NK cell cytotoxicity comes 
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from m vitro studies showing that the addition of catalase, an enzyme which acts to remove H 2 0» to preparations 
of monocytes and NK cells exposed to IL-2 removes the inhibitory effects of the monocytes. (Seaman, supra.) Thus, 
histamine may exert its synergistic effects by reducing the level of HA produced by monocytes. Hellstrand, K., 
Asea, A., Hermodsson, S. Histaminergic regulation of antibody-dependent cellular cytotoxicity of granulocytes, 

5 monocytes and natural killer cells, J. Leukoc. Biol. 55:392-397 (1994). 

Monocytes are not the only ceH type which negatively regulates NK cell and CTL cytotoxicity. Experiments 
have demonstrated that granulocytes suppress both the constitutive and IL-2 induced cytotoxic activity of NK cells 
in vitro. Like the monocyte mediated suppression discussed above, granulocyte mediated suppression is synergisticaHy 
overcome by treatment with IL-2 and histamine. (U.S. Patent Number 5,348,739; Hellstrand, K., Asea, A., 

10 Hermodsson, S. Histaminergic regulation of antibody-dependent cellular cytotoxicity of granulocytes, monocytes and 
natural killer cells, J. Leukoc. Bk>L 55:392-397 (1994)). 

It appears that the H,-receptor is involved in transducing histamine's synergistic effects on overcoming 
granulocyte mediated suppression. For example, the effect of histamine on granulocyte mediated suppression of 
antibody dependent cytotoxicity of NK cells was blocked by the H,-receptor antagonist ranitidine and mimicked by 

15 the H, receptor agonist dimaprit In contrast to the complete or nearly complete abrogation of monocyte mediated 
NK ceH suppression by histamine and IL-2, such treatment only partially removed granulocyte mediated NK cell 
suppression. (U.S. Patent Number 5,348,739; Hellstrand, K. et aL, Histaminergic regulation of antibody dependent 
cellular cytotoxicity of granulocytes, monocytes and natural kBter celh., J. Leukoc. Biol 55:392-397 (1994)1. 

As suggested by the experiments above, therapies employing histamine and cytokines are effective entt- 

20 cancer strategies. U.S. Patent Number 5,348,739 discloses that mice given histamine and IL-2 prior to inoculation 
with melanoma cell lines were protected against the development of king metastatic foci This effect was a 
consequence of synergistic interaction between histamine and 11-2, as demonstrated by the significant reduction in 
metastatic foci observed in mice given histamine and IL-2 as compared to mice given histamine or IL-2 alone. 

In addition to the synergistic effects observed in the essay of faing metastatic foci synergistic effects of 

25 histamine plus IL-2 treatment were also observed in assays in which NK cell cytotoxicity was measured by 
determining the ability of mice to kil malignant celt fines derived from both humans and mice which were injected 
into them. Id. 

In studies conducted to investigate the role of histamine in NK-cell dependent protection against herpes 
simplex virus (HSV) type 2, it wes discovered that a single dose of histamine could prolong survival time in animals 
30 inoculated intravenously with HSV, and a synergistic effect on the survival time of animals treated with a 
combination of histamine and IL-2 was observed (Hellstrand, K. et al, Role of histamine in natural killer cell- 
dependent protection against herpes simplex virus type 2 infection in mice., Clin. Diagn. Lab. ImmunoL 2:277-280 
(1995)). 

The above results demonstrate that strategies employing a combination of histamine and IL-2 are en 
35 effective means of treating malignancies and viral infection. 

E. Synergistic Effects of Histamine and Interferon-o 
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Histamine also acts synergtsticalty with interferon-a to overcome the suppression of NK cell cytotoxicity 
by monocytes (Hellstrand at aL, Regulation of the NK cell response to interferon-atpha by biogenic amines, J. 
Interferon Res. 12:199-206 (1992)). Like IL 2, interferon-a augments NK cell constitutive NK cell cytotoxicity, id. 
Monocytes suppress the interferon s mediated enhancement of NK cell killing of mafgnant target eels in vitro. 
5 Monocyte mediated suppression of NK ceU cytotoxicity was overcome by treatment with histamine and interferon-a. 
The effects of histamine were blocked by H,« receptor antagonists and mimicked by preceptor agonists. Compounds 
bearing structural similarity to the H, receptor agonist dimaprit but lacking tha activity of the agonist were unable 
to act synergisticalty with interferon-a. (Heistrand et aL J., Interferon Res. 12:199-206 (1992)). 
F. Human Treatments Coipbinfrg Histamine, Interteukirv2 and Iqterferpn^y 
10 The in vitro and animal results discussed above suggested that histamine+iL-2+interferona was a promising 

method for treating human malignancies. In fact combined histamine, IL-2, and interferon-a treatments have proven 
effective in the treatment of a variety of human malignancies, providing a 75% response rate significantly greater 
than that observed with IL-2 alone. (Hellstrand et aL, Histamine in Immunotherapy of Advanced Melanoma: A Pilot 
Study, Cancer Immunology and Immunotherapy 39: 416419 (1994)). In the above study, subjects received a 
15 constant infusion of IL-2 (Proteukin®, Eurocetus), 18x10* U/m 2 on days 1-5 and 8-12, repeated every 4-8 weeks, as 
well as interferon-a (6x10 s U daily, s.c). In addition to the IL-2, eight of the subjects received histamine 
^hydrochloride (1 mg ax.) twice daily, id. 

Only one subject in the group receiving IL-2 and interferon-a exhibited a partial or mixed response, a 
response rate of 14% (1 of 7). In contrast, the group receiving both IL-2, interferon s and histamine showed an 
20 corresponding response rate of 75% (6 of 8). Only two of these subjects failed to respond, id. 
Thus, histamine+IL-2+mterferon-ais an effective anti-cancer therapy. 
G. HmRW TrcPflnentj with HffilBPTO+ 
lL-2+ChemoiherapeMtic Agents 

Recently, the efficacy of treatments employing histamine, IL-2, and chemotherapeutic agents was examined 
25 in humans suffering from acute myelogenous leukemia (AMU (Brune and Hellstrand, Remission Maintenance Therapy 
with Histamine and lnterleukh-2 in Acute Myelogenous Leukemia, Br. J. Haematotogy, March 1996). 

In one set of experiments, kiing of AML blasts by NK cells was examined in vitro. IL-2 induced NK 
mediated cytotoxicity, but this effect was suppressed by monocytes. Histamine did not affect the IL-2 induced 
cytotoxic response in the absence of monocytes but blocked the suppressive effects of the monocytes. However, 
30 in the presence of the H,-receptor antagonist ranitidine, histamine was ineffective in overcoming the monocyte 
suppression, id. 

Additionally, AML patients in remission were treated with histamme+IL-2+the chemotherapeutic agents 
cytarabine and thioguanine and the duration of remission was measured and compared to the length of remissions 
prior to initiating the treatment Five of the patients receiving histamine* IL-2 + cytarabine + thioguanine remained 
35 m complete remission ranging in duration from 9-27 months at the time of publication. Two patients relapsed after 
remissions lasting 8 end 33 months. In the five patients who had undergone a remission f oBowed by a relapse prior 



WO 97/42968 PCT/US97/08001 

-6- 

to initiation of the histamine+IL-2+cytarabin8+thiofluanme regimen, the duration of remissions folowing initiation 
of the regimen exceeded the duration of the prior remission. Id. Such "inversion of remission time" is rare in the 
natural course of AML and reportedly only occurs in a small fraction (< 10%) of AML patients treated with IL-2 as 
the single agent. Shepherd et a!, Phase II Study of Subcutaneous rHU IL-2 in Patients with Acute Myelogenous 
5 Leukemia in Partial or Complete Second Remission and Partial Relapse, Br. J. HaematoL S87, 205 (1994). 
Thus, histamine + IL-2 + chemotherapeutic agents is an effective anticancer therapy. 
H. Optimization of Histamine Qgjjvgg 

Histamine is a strongly bioactive molecule with powerful biological effects. We have discovered that bolus 
doses of effective amounts of histamine have significant unwanted side effects, including flushing, discomfort, 
10 increased heart and respiratory rate, hypotension, and severe headache. At the same time, we have discovered that 
histamine-mediated therapy is most effective if provided in discrete dosages over a relatively short time period as 
opposed to infusion or controlled release over a period of days or weeks. 

Summary of the Invention 

The present invention relates to treatments combining the administration of histamine or histamine-inducing 
15 agents, to achieve a beneficial level of circulating blood histamine with treatment with a second agent which 
enhances cytotoxic effector eel cytotoxicity or is a chemotherapeutic agent. Combinations of histamine, agents 
which enhance NK eel cytotoxicity, and chemotherapeutic agents are also contemplated. It will be appreciated that 
the beneficial stable levels of circulating blood histamine may be attained by administering histamine before, during, 
after or throughout the course of the administration of the second agent. As used herein "stable" means a level 
20 that is maintained for hours or preferably, days. 

Thus, the present invention provides for the use of histamine or a histamine-inducing compound in the 
preparation of a medicament for producing elevated, stable circulating levels of histamine in a patient. The 
medicament can be for administration in conjunction with a second therapeutic agent, such as a chemotherapeutic 
agent and is useful for the treatment of a maEgnancy, a viral disease or a neoplastic disease- The histamine or 
25 histamine-inducing compound b preferably selected from the group consisting of pharmaceutical acceptable forms 
[~of histamine, histamine dihydrochbride, histamine phosphate, histamine salts, histamine esters, histamine congeners, 
histamine prodrugs, H 2 receptor agonists, 5HT agonists, serotonin, retinoic acid, retinoids, IL-3 and ingestible 
allergens. 

In accordance with another aspect of the invention, there is provided a composition comprising histamine 
30 or a histamine-inducing compound, together with a controlled release carrier. The carrier has the property of 
delivering the composition at a rate of about 0.025 to 0.2 mgjmmute, at a rate which results in the release of about 
0.025 to 0.2 mglminute endogenous histamine, or for a period of time not less than one and not greater than thirty , 
minutes. The controlled release carrier is preferably selected from the group consisting of polymers, gets, 
microspheres, liposomes, tablets, capsules, infusion pumps, syringe pumps, ocular inserts, transdermal formulations, 
35~hydrophic gums, microcapsules, and coloMal drug delivery systems. 
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In accordance with yet another aspect of the present invention, there is provided a device for administering 
a therapeuticaBy effective amount of a substance selected from the group consisting of pharmaceutical^ acceptable 
forms of histamine, histamine dihydrochtoride, histamine phosphate, histamine salts, histamine esters, histamine 
congeners, histamine prodrugs, serotonin, 5HT agonists, H 2 receptor agonists, substances which induces the release 
5 of an effective therapeutic amount of endogenous histamine, retinoic acid, retinoids, IL-3 and ingestible allergens. 
The device comprises an infusion device, a therapeuticafty effective amount of the substance, and a controller which 
delivers the substance over a period of time not less than one and not greater than thirty minutes. Preferably, the 
controller delivers the therapeutically effective amount of the substance over a period of time not less than five and 
not greater than twenty minutes. The therapeutical effective amount of the substance is about 0.4 to 10 mg/day, 

10 preferably about 2.0 mg/day, and is preferably deEvered at a rate of about 0.025 to 0.2 mg/minute. The 
therapeuticaBy effective amount of the substance can also result in the release of about 0.025 to 0.2 mg/minute 
endogenous histamine. The device preferably further comprises a controlled release carrier contained within the 
infusion device together with the substance. 

In accordance with stll another aspect of the present invention, there is provided a method for treating a 

15 patient having a malignancy, neoplastic disease or viral disease. The method comprises administering histamine or 
a histamine-inducing compound to the patient over a period of time such that a stable, elevated blood histamine 
concentration is achieved. Preferably, the method further comprises administering a second therapeutic agent, such 
as an anti-cancer or anti-viral agent. The histamine or histamine inducing compound and the second agent can be 
administered separately or together. 

20 A more complete appreciation of the invention and many of the attendant advantages thereof will be readily 

perceived as the same becomes better understood by reference to the following detailed description when considered 
in connection with the accompanying figures. 

Other objects, advantages and features of the present invention will become apparent to those skilled in 
the art from the following discussion. 

25 Brief Description of the Drawings 

Figure 1 shows that it is possible to obtain stable beneficial levels of circulating blood histamine. 

Detailed Description of the Preferred Embodiment 
Prior to the present invention, histamine was beBeved to have an extremely short half life, on the order of 
five minutes, in the blood. Beaven, MA, Factors regulating avaiabilrty of histamine at tissue receptors in 

30 Pharmacology of Histamine Receptors, C.R. Ganeltin and M.L Parsons eds., Wright PS6, Bristol, U.K. pp. 103-145 
(1982). The present invention arose from the unexpected finding that, contrary to the prior reports, it is possible 
to achieve stable levels of circulating blood histamine lasting several hours or even days from the time of histamine 
administration. The present invention is the first report of stable circulating blood histamine. Using regimens 
involving the administration of both preceptor antagonists and histamine, Burtin was able to obtain normal levels 

35 of circulating blood histamine in cancer subjects experiencing stabilization of the disease. (Burtin et al„ Eur. J. Cin. 
OncoL 24: 161-167 (1988)). However, the normal levels reported by Burtin were most likely a consequence of the 
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stabffization of the cancer rather than an observation of stable circulating levels of histamine for a significant period 
following administration. Evidence that the levels reported in Burtin were a consequence of physiological stabilization 
comes from the fact that the normal levels of histamine reported by Burtin when the subjects experienced a remission 
dropped to below normal levels before the subjects' deaths. Burtin did not specify the time after administration at 

S which circulating histamine levels were measured, but it seems fikely thet the normal levels reported by Burtin were 
a consequence of endogenously produced histamine associated with stabilization of the cancer rather than an 
observation of persistence of extrinsicaBy administered histamine. 

Subjects suffering from cancer often exhibit decreased levels of circulating blood histamine. (Burtin et aL 
Decreased blood histamine levels in subjects with solid malignant tumors, Br. J. Cancer 47: 367-372 (1983)). Thus, 

10 the observation of stable and beneficial blood histamine levels lasting hours or days after histamine administration 
f inds ready application to cancer and antiviral treatments based on synergistic effects between histamine and agents 
which enhance cytotoxic effector eel mediated cytotoxicity. In such protocols, the cytotoxic activity of NK ceHs 
and CTLs is enhanced by combining the administration of histamine to attain a stable level of circulating histamine 
sufficient to augment the activity of an agent which ects in synergy with histamine to increase cytotoxicity with 

IS the administration of the agent 

Additionally, chemotherapeutic treatments aimed at destroying the malignancy may result in lowered blood 
histamine levels. Example 1, below describes the decrease in blood histamine levels following treatment with the 
chemotherapeutic/cytostatic agents cytarabine and thioguanine. 

EXAMPLE 1 

20 In five patents with AML in remission, histamine levels in whole blood specimens were analyzed 15 days 

before and 1-2 weeks after treatment with cytarabine (IBmg/nrtday subcutaneouslyl and thioguanine (40mg/day 
oraly) for 21 days or until the platelet count was <50X10P|L Histamine was analyzed in heparinized venous blood 
using the radioimmunoassay available from Biomerica bic^ Newport Beach, CA 92B63 (catalog no. 1051) according 
to the instructions which accompanied the assay kit 

25 In all patients, histamine levels decSned after the treatment with cytostatics. (See Table below). 

Blood Histamine Blood Histamine after 

Before Patient Treatment Treatment (^moles/I) 
U/molesfl) 

1. Q.22 not detectable 

2. 0.12 not detectable 

3. 0.18 not detectable 

4. 0.93 0.38 
35 5. 0.24 0.14 

The present invention may be used to restore or maintain beneficial stable blood histamine levels in subjects 
whose blood histamine levels have decreased as a consequence of chemotherapy. 

Beneficial levels of circulating histamine can be achieved by administering histamine before, during, or after 
40 treetment with agents which enhance natural killer cell cytotoxicity or chemotherapeutic agents. 



30 
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Thus, this invention relates to a method of augmenting the activity of an agent which enhances cytotoxic 
effector ceD cytotoxicity comprising administering histamine such that a stable blood histamine concentration 
sufficient to augment the cytotoxicity enhancing effect of said agent is achieved, and administering a beneficial 
amount of said agent, wherein the cytotoxicity enhancing effects of said agent are augmented. - As used herein, 
5 "histamine" includes histamine, its dihydrochloride salt (histamine dihydrochloride), histamine phosphate, other 
histamine salts, esters, or prodrugs, and H, receptor agonists. Serotonin and 5HT agonists are also contemplated. 
The administration of compounds which induce the release of endogenous histamine from the patient's own tissues 
are also included within the scope of the present invention; thus, the term "histamine" as used herein incorporates 
these compounds as wetL 

10 In one aspect of the present invention, the histamine is administered prior to administration of the agent 

which enhances NK ceB and CTL cytotoxicity. In another embodiment, the histamine is administered following the 
administration of the agent which enhances cytotoxicity. In a further embodiment, the histamine is administered 
during the course of administration of the agent which enhances cytotoxicity. In another embodiment, the histamine 
is administered prior, during, and after the administration of the agent which enhances cytotoxicity. 

15 In one embodiment, the histamine is administered at least 1 day prior to the administration of the agent 

which enhances cytotoxicity. In a preferred embodiment beneficial stable levels of circulating blood histamine are 
obtained by administering histamine at a dosage of 0.4 to 10 mg/day. In a further preferred embodiment, the 
histamine is administered over a period of 1 to 4 weeks. In a highly preferred embodiment, the histamine is 
administered for a period of 1-2 weeks. In one embodiment of the invention, the beneficial stable level of circulating 

20 blood histamine concentration is at iBast O^pmolfL 

In one embodiment of the present invention the cytotoxicity enhancing agent is at least one cytokine. 
Preferentially, the cytokine is interteukin-2. In a preferred aspect of the invention, the interteukin-2 is administered 
in an amount of 0.5-5Qpg/kg/day. In a further preferred embodiment, the interteukin-2 is administered for a period 
of 1 day to 4 weeks. 

25 In another embodiment of the invention, the cytokine is interf eron-a. PreferentiaBy, the interf eron-a is 

administered at a dosage of 10,000-200,000 U/kg/day. For treatment of primary melanoma, the preferred dosage 
of interf eron-a is 200,000 U/kg/day. For treatment of other cancers, the preferred dosage of interf eron-a is 50,000 
U/kg/day. in a further embodiment, the interf eron-a is administered for a period of up to 18 months. Preferentially, 
the interf eron-a is administered for a period of between 2-6 weeks. 

30 In yet another embodiment, the cytotoxicity enhancing agent comprises interferons and interleukin-2. 

Another aspect of the invention is a method of treating a subject having a malignancy with histamine and 
a second beneficial agent wherein the activity of said second beneficial agent is augmented by histamine comprising 
administering a pharmaceuticaly acceptable form of histamine such that a beneficial blood histamine level is achieved 
and administering said second beneficial agent. 
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In one embodiment of this aspect the histamine is administered prior to the second beneficial agent In 
a preferred embodiment of this aspect, the histamine is administered at least 1 day prior to the administration of 
the second beneficial agent. 

In another embodiment of this invention, the histamine is administered after the second beneficial agent 
5 In yet another embodiment the histamine is administered during the course of administration of said second beneficial 
agent. In another aspect of the invention, the histamine is administered prior, during, and after the second beneficial 
agent 

Preferentially, the second beneficial agent acts to stimulate the cytotoxic activity of NK eels end CTLs, 
A third aspect of the present invention is a method of enhancing the cytotoxic activity of NK ceb and CTLs 
10 comprising 

a) measuring blood histamine levels in a subject to determine whether the cytotoxic activity of said 
subject's NK cells and CTLs could be enhanced fay increasing the levels of blood histamine in said subject; 

b) administering a pharmaceutical^ acceptable form of histamine to a subject for whom said 
measuring step indicated that the cytotoxic activity of said subject's NK cells and CTLs could be enhanced by 

15 increasing said subject's blood histamine levels, such that beneficial levels of blood histamine are achieved; and 

c) administering a second agent to said subject having beneficial levels of blood histamine, such that 
the cytotoxic activity of said subject's NK ceHs and CTLs is enhanced. 

In one aspect of the invention, the histamine is administered prior to thB second agent In a preferred 
version of this aspect the histamine is administered at least 1 day prior to the administration of the second agent 
20 In another aspect of the invention, histamine is administered after the second agent In another , 

embodiment histamine is administered during the administration of thB second agent In another embodiment the 
histamine is administered prior, during, and after the administration of the second agent In each instance, one 
embodiment of the invention includes an antiviral or antimicrobial agent as the second agent. 

The present invention also includes a method of treating a mafignancy comprising treating a subject having 
25 a malignancy with a chemotherapeutic agent and achieving and maintaining a beneficial stable level of circulating 
blood histamine by administering histamine in a dose sufficient to attain said beneficial stablB levels of circulating 
blood histamine. Methods for administering chemotherapeutic agents are well established. 

In one embodiment, the histamine b administered before the chemotherapeutic agent In another 
embodiment the histamine is administered after the chemotherapeutic agent In another aspect of the invention, the 
30 histamine is administered during treatment with the chemotherapeutic agent. In yet another embodiment, the 
histamine is administered prior, during, and after treatment with the chemotherapeutic agent. 

It will be appreciated that the, subject's circulating blood histamine levels may be monitored during the 
course of treatment and boosted to beneficial levels whenever levels drop below beneficial levels or approach the 
lower limits of beneficial levels. For example, in this embodiment histamine may be administered whenever the 
35 subject's histamine levels drop below 0.tymoteJL 
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Alternatively, it wil be appreciated that histamine may be administered at periodic intervals at dosages 
sufficient to estabfish and maintain beneficial levels. 

Routes and carrier compositions for administering histamine and cytokines have been disclosed in U.S. 
Patent Number 5,348739. Briefly, the histamine may be administered through a variety of routes, including 
5 parenteral^, intraperitoneal^, subcutaneously, intravenously, intramuscularly, intraocularly, orally, or transedermally. 
Solutions of the active compound as a free acid or a pharmaceutical acceptable salt may be administered in water 
with or without a surfactant such as hydroxypropyl cellulose. Dispersions are also contemplated such as those 
utilizing glycerol, liquid polyethylene glycols and mixtures thereof and oOs. Antimicrobial compounds may also be 
added to the preparations. Injectable preparations may include sterile aqueous solutions or dispersions and powders 
10 which may be diluted or suspended in a sterile environment prior to use. Carriers such as solvents dispersion media 
containing, e.g., water, ethanol polyob, vegetable oils and the like, may also be added. Coatings such as lecithin 
and surfactants may be utilized to maintain the proper fluidity of the composition. Isotonic agents such as sugars 
or sodium chloride may also be added as well as products intended for the delay of absorption of the active 
compounds such as aluminum monostearate and gelatin. Sterile injectable solutions are prepared as is known in the 
15 art and filtered prior to storage and/or administration. Sterile powders may be vacuum dried freeze dried from a 
solution or suspension containing them. 

Any material added to the pharmaceutical composition should be pharmaceutically-acceptable and 
substantially non-toxic in the amounts employed. Sustained-release preparations and formulations are also within the 
confines of this invention. 

20 Pharmaceutically-acceptable carriers as utilized in the context of this patent include any and all solvents, 

dispersion media, coatings, antimicrobial agents, isotonic and absorption delaying agents and the like as is known 
in the art AD preparations are prepared in dosage unit forms for uniform dosage and ease of administration. Each 
dosage unit form contains a predetermined quantity of active ingredient calculated to produce a desired therapeutic 
effect in association with a required amount of pharmaceutical carrier. Methods for administering chemotherapeutic 
25 agents are well established. 

For the purposes of the above treatments, beneficial levels of blood histamine are at bast 0.2^mole/L 

Stable Circulating fflggj MmW IffWl* 
As described above, the present invention is based on the observation that it is possible to obtain beneficial 
and stable levels of circulating blood histamine. Example 2 depicts the stable beneficial levels of circulating blood 
30 histamine obtained following histamine administration. Surprisingly, beneficial levels of circulating blood histamine 
persisted for considerable periods after histamine administration ceased. 

EXAMPLE 2 

Rve patients with ANIL in remission received treatment with histamine (^hydrochloride diluted in sterile 
35 sodium chloride purchased from Apoteksbolaget, Umea, Sweden and human recombinant biterleukin-2 (Proleukin®) 
obtained from the commercially available vial (Eurocetus, the Netherlands). Histamine and IL-2 were administered 
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morning and night at separate subcutaneous injection sites over a period of 21 consecutive days. The histamine was 
given as subcutaneous injections using 1 ml syringes containing 0.1 mg of histamine/mL The histamine treatment 
was given twice daily (morning and night) at a dosage of 0.4 0.7mg histamine per injection (i.e. a daily total dose 
of histamine of 0.8-1.4 mg/day). 
5 The IL-2 was given as subcutaneous injections using separate 1-mI syringes. The IL-2 syringes contained 

50 //g of IL-2/mL The IL-2 treatment was given twice daily (morning and night), and the dose was 35-50 //g of 
IL-2 per injection, Le. a daily total dose of 70-100/ig/day. 

Peripheral blood venous samples were drawn in 10 ml heparmized test tubes before the onset of treatment 
and weekly thereafter. The samples were drawn at least 8 hours after the last injections of histamine end IL-2. 
10 The concentration of histamine in the whole blood samples was analyzed by use of a double antibody 
radioimmunoassay kit obtained from Biomsrica, Inc., Newport Beach, CA 92663 (catalog no. 1051). The 
manufacturer's instructions provided with the kit, dated June, 1989, were followed. Blood histamine levels were 
measured at the indicated times. 

Figure 1 shows the results of the experiments described above. Oata are given as the concentration of 
15 histamine in micromolesfl (meant standard error of the mean). 

The subjects exhibited blood histamine levels of less than 0.2 /imote/L at the start of the experiment. 
Following histamine administration, circulating blood histamine levels rose to beneficial levels. Surprisingly, the 
circulating blood histamine levels remained elevated for sustained periods of time, even after histamine administration 
was discontinued. 

20 Treatments Employing a Combination of Histamine and lnterleukin-2 

The stable blood histamine levels discussed above find application in treatments in which NK cell and CTL 
cytotoxicity is augmented through the synergistic effects of histamine and agents which enhance cytotoxic effector 
ceil cytotoxicity. As discussed above, one such enhancer of cytotoxicity is interteukin-2. Examples 3 and 4 describe 
methods of treatment in which a stable and beneficial level of histamine is achieved which augments the activity 

25 of IL-2. 

EXAMPLES 

0.5 mg/day of histamine in a pharmaceutical^ acceptable form is injected subcutaneously in a sterile carrier 
solution into subjects having a malignancy. One week later, after circulating blood histamine levels have increased 
to at least O.^j/moWL, IL-2 administration is begun. Human recombinant IL-2 (Proleukin® Eurocetus) is administered 
30 by continuous infusion of 27j/gjkg/day on days 1-5 and 8-12. 

The above procedure is repeated every 4-6 weeks until an objective regression of tumor disease is observed. 
The therapy may be continued even after a partial or complete response has been observed. In patients with 
complete responses, the therapy may be given with longer intervals between cycles. 

The treatment can additionally include monitoring circulating levels of blood histamine periodically and, when 
35 circulating histamine levels drop below (LtymolelL injecting 0.5 mg/day of a pharmaceutically acceptable form of 
histamine to restore circulating blood histamine levels above O^mote/L . 
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The treatment can also include periodically boosting circulating blood histamine levels by administering 0.5 
mgfday histamine over a period of one to two weeks at regular intervals, such as bi-weekly, in order to maintain 
circulating blood histamine levels above 0*2pmoWL 

EXAMPLE 4 

5 Human recombinant 11-2 (Protaukin®, Eurocetus) is administered by continuous infusion of 27//g/kg/day on 

days 1-5 and 8-12 into patients infected with herpes simplex virus (HSV) type 2. 0.5 mg/day of histamine in a 
pharmaceutical^ acceptable form is injected subcutaneously in a sterile carrier solution unti circulating blood 
histamine levels have increased to at least O^wmote/L 

The above procedure is repeeted every 4-6 weeks until an objective regression of the disease is observed. 
10 The therapy may be continued even after a partial or complete response has been observed. 

The treatment can additional include monitoring circulating levels of blood histamine periodicaly and, when 
circulating histamine levels drop below Q.tymote/L, injecting 0.5 mg/day of a pharmaceutically acceptable form of 
histamine to restore circulating blood histamine levels above Q.2//mole/L . 

The treatment can also include periodically boosting circulating blood histamine levels by administering 0.5 
15 mgfday histamine over a period of one to two weeks at regular intervals, such as bi-weekly, in order to maintain 
circulating blood histamine levels above 0.2^mole/L 

If desired, 0.5 mg/day of histamine in a pharmaceutically acceptable form can also be injected 
subcutaneously for about one week prior to the start of treatment with IL-2, in order to increase circulating blood 
histamine levels to at least Q2jmok!L 
20 Combination of Histamine and Interferon-a 

Another enhancer of NK cell cytotoxicity is interferon-a Example 5 describes methods of treatment in 
which a stable and beneficial level of histamine is achieved which augments the activity of interferon-a. 

EXAMPLE 5 

25 0.5 mg/day of histamine in a pharmaceutically acceptable form is injected subcutaneously in a sterile carrier 

solution into subjects having a malignancy or who have had a primary tumor surgically removed. One week later, 
after circulating blood histamine levels have increased to at least (L^pmole/L, interferon-a administration is begun. 
Interferon is administered in doses of 50,000 U/kg/day in a suitable carrier solution for 2-6 weeks. 

The above procedure is repeated 3 times a week, or even several times daily, for up to 24 months until 

30 an objective regression of the tumor is observed. The therapy with histamine, IL-2 end interf eron may be continued 
even after a partial or complete response has been observed. In patients with complete responses, the therapy may 
be given with longer intervals between cycles. 

The treatment can additionally include monitoring circulating levels of blood histamine periodically and, when 
circulating histamine levels drop below O^mota/U injecting en additional 0.5-2.0 mgfday of a pharmaceutically 

35 acceptable form of histamine to restore circulating blood histamine levels above Q.2//mote/L . 
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The treatment can also include periodically boosting circulating blood histamine levels by administering 
0.5 mg/day histamine over a period of one to two weeks at regular intervals, such as bi-weekly, in order to maintain 
circulating blood histamine levels above 0.2/jmole/L 

Additionally, the frequency of interferon-a administration may be varied depending on the patient's tolerance 
5 of the treatment and the success of the treatment. For example, interferon may be administered three times per 
week, or even daily, for a period of up to 24 months. Those skffled in the art are familiar varying interferon 
treatments to achieve both beneficial results and patient comfort. 

Example 6 describes methods of treatment in which a stable and beneficial level of histamine is achieved 
which augments the activity of interferon-a in antiviral therapies. 
10 EXAMPLE 6 

0.5 mg/day of histamine in e pharmaceutical^ acceptable form is injected subcutaneously together with 
interferon-a in patients infected with hepatitis C. 0.5-2.0 mg/day histamine is administered in order to maintain 
circulating blood histamine levels above OJ^/motefL Interferon is administered in doses of 50,000 U/kg/day in a 
suitable carrier solution. 

15 The above procedure is repeeted 3 times a week, or even several times daBy, for up to 24 months until 

normalized liver enzymes and clearance of viral RNA from serum is observed. The therapy with histamine and 
interferon may be continued even after a partial or complete response has been observed 

The treatment can additionaly include monitoring circulating levels of blood histamine periodically and, when 
circulating histamine levels drop below O.tymote/L, injecting an additional 0.5-2.0 mg/day of a pharmaceutical^ 
20 acceptable form of histamine to restore emulating blood histamine levels above 0.2//mote/l . 

The treatment can also include periodically boosting circulating blood histamine levels by administering 0.5- 
2.0 mg/day histamine over a period of one to two weeks at regular intervals, such as bi-weekly, in order to maintain 
circulating blood histamine levels above O.^mole/L 

0.5 mg/day of histamine in a pharmaceutical acceptable form can also be injected subcutaneously for 
25 ebout one week prior to the start of treatment with interferon, in order to increase circulating blood histamine levels 
to at least 04vmoie/L 

AdditionaDy, the frequency of interferon-a administration may be varied depending on the patient's tolerance 
of the treatment and the success of the treatment. For example, interferon may be administered three times per 
week, or even daily, for a ported of up to 24 months. Those skied in the art are familiar varying interferon 
30 treatments to achieve both beneficial results and patient comfort. 

Combination of Histamine. 11-2 and Interferon-a 
Beneficial stable levels of circulating blood histamine can also be employed in conjunction with treatments 
involving several enhancers of NK cell cytotoxicity. Example 7 describes how to administer such treatments. 

EXAMPLE 7 

35 Subjects having a malignancy or viral infection such es hepatitis B, hepatitis C, human immunodeficiency 

virus (HIV), human papilloma virus (HPV) or herpes simplex virus (HSV) type 1 or 2 are administered human 
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recombinant IL-2 (Proteukm®, Eurocetus) by continuous infusion of 27//g/kg/day on days 1-5 and 8-12. Additionally, 
subjects also receive a daily dose of 6x1 OP U interf eron-a administered by subcutaneous injection, and 0.5-10 mg/day 
of a pharmaceutical^ acceptable form of histamine. Histamine is administered for a period of one to two weeks 
until circulating blood histamine levels reach above O.^mote/L 
5 The above procedure is repeated every 4-6 weeks until an objective regression of the tumor is observed, 

or until improvement in the viral infection occurs. The therapy may be continued even after a partial or complete 
response has been observed. In patients with complete responses, the therapy may be given with longer intervals 
between cycles. 

The treatment can additionally include monitoring circulating levels of blood histamine periodically and, when 
10 circulating histamine levels drop below O^mole/L injecting 0.5-2.0 mg/day of a pharmaceutical^ acceptable form 
of histamine for a period of one to two weeks to restore circulating blood histamine levels above O^vmole/L 

The treatment can also include periodically boosting circulating blood histamine levels by administering 
histamine at regular intervals, such as daily, bi-weekly or weekly. 

Histamine in a pharmaceutical^ acceptable form, such as a sterile carrier solution, can be injected 
15 subcutaneously 0.5-1.0 mg/injection, 14 time per day, for about one week prior to the start of treatment with IL-2 
and interferon, in order to increase circulating Mood histamine levels to at least 0.fymole/L 

Additionally, the frequency of interf eron-a administration may be varied depending on the patient's tolerance 
of the treatment and the success of the treatment. For example, interferon may be administered three times per 
week, or even daily, for a period of up to 24 months. Those skflted in the art are familiar varying interferon 
20 treatments to achieve both beneficial results and patient comfort 

Combination of Histamine ami C^qflwapeutfr Agents 
Histamine may also be used in conjunction with chemotherapeutic agents. Typically, levels of circulating 
histamine decline during chemotherapy. Low levels of circulating histamine may result in the suppression of NK cell 
cytotoxicity by monocytes. This monocyte mediated suppression may be eliminated by administration of histamine 
25 prior, during, foflowing or throughout chemotherapy in order to return circulating histamine levels to normal. 

Accordingly, the present invention contemplates the restoration of circulating blood histamine levels to 
normal levels in conjunction with chemotherapeutic agents. Additionally, the treatment may also include administration 
of IL-2 and/ or interferon-o. 

Representative compounds used m cancer therapy include cyclophosphamide, chlorambucil melphalan, 
30 estremustine, iphosphamide, prednimustin, busutyian, tiottepa, carmustin, lomustine, methotrexate, azathioprine, 
mercaptopurine, thioguanine, cytarabine, fluorouracit vinblastine, vincristine, vindesine, etoposide, teniposide, 
dactinomucin, doxorubin, dunorubicine, epirubicma, bleomycin, nrtomycin, cisplatin, carfaoplatin, procarbazine, amacrine, 
mitoxantron, tamoxifen, nihitamid, and aminoghttemide. Procedures for employing these compounds against 
malignancies are well estabfshed. In addition, other cancer therapy compounds may also be utilized in the present 
35 invention. 
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Malignancies against which the treatment may be directed include, but are not limited to, primary and 
metastatic malignant tumor disease, hematological mafignancies such as acute and chronic myelogenous leukemia, 
acute and chronic lymphatic leukemia, multiple myeloma, Waldenstroms Macroglobufinemia, hairy ceQ leukemia, 
myelodysplastic syndrome, polycytaemia vera, and essential thrombocytosis. 

5 As described above, histamine +IL-2 has proven an effective combination with traditional chemotherapeutic 

methods in treating acutB myelogenous leukemia. (Brune and HeBstrand, Br. J. Haematology, March 1996). 
Procedures for using the present invention in combination with chemotherapeutic agents and IL-2 are presented in 
Example 8. It wffl be appreciated that beneficial stable levels of circulating histamine may also be employed in 
treatments using only chemotherapeutic agents. 

10 EXAMPLE 8 

Subjects with AML in first, second, subsequent or complete remission ere treated in 21 -day courses with 
IL-2 [35-50 //g (equivalent to 6.3-9 x 10 s III) s.c. twice daily], repeated with six-week intermissions and continued 
untfl relapse. In cycle #1, patients receive three weeks of low dose chemotherapy consisting of 16mgfm2/day 
cytarabine, and 40 mgfday thioguanine. Thereafter, patients are injected subcutaneously with 0.5mgfday of a 

15 pharmaceutical acceptable form of histamine for a period of 1 week to boost circulating histamine to a stable 
beneficial level above OJJpmolelL Thereafter, patients receive IQOj/g of interteukin-2/day for three weeks. 
Circulating histamine levels are boosted to beneficial levels by administering 0.5mg/day of a pharmaceutical 
acceptable form of histamine during the second week of this period. Thereafter, the subjects are allowed to rest 
for one week. 

20 After the rest period at the end of cycle 1, cycle 92 is initiated. 0.5 mg/injection twice a day of a 

pharmaceutical acceptable form of histamine in a sterile carrier solution is injected subcutaneously unti circulating 
blood histamine levels of at least D.tymole/L are achieved. Cytarabine (16 mg/m*/day sx.) and thioguanine (40 
mgfday oraDy) are given for 21 days (or until the platelet count is £ 50 x 10 9 f1). In the middle week, patients 
receive 0.5mgfmjection twice per day of a pharmaceutical^ acceptable form of histamine to boost circulating 

25 histamine to beneficial levels. At the end of the three week chemotherapy treatment, patients receive O.Smgfinjection 
twice per day of a pharmaceutical acceptable form of histamine for a week. Thereafter, patients receive 
lOty/gfday of interleukin-2 for three weeks. Circulating histamine levels are boosted in the middle week of the three 
week IL-2 treatment as described above. Patients are permitted to rest for two weeks. 
Thereafter, cycle #3 is initiated. Cycle #3 is identical to cycle #2. 

30 Alternatively, circulating histamine levels may be periodically monitored throughout the above procedure end 

histamine may be administered whenever circulating levels drop below a desirable level in order to maintain a 
beneficial level of blood histamine above 0.^mole\L Additionally, histamine may be administered at regular intervals 
during the treatment to maintain beneficial circulating levels. Another alternative is to provide histamine in a depot 
or controlled release form. 

35 Optimizing Delivery of Histamine 
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ControDod release vehicles are well known to those of sktB in the pharmaceutical sciences. The technology 
and products in this art are variably referred to as controlled release, sustained release, prolonged action, depot, 
repository, delayed action, retarded release and timed release; the words "controlled release" as used harem is 
intended to incorporate each of the foregoing technologies. 
5 Numerous controlled release vehicles are known, including biodegradable or bioerodable polymers such as 

polylactic acid, polyglycolic acid, and regenerated coDagen. Known controlled release drug deSvery devices include 
tablets, capsules, gels, microspheres, liposomes, ocular inserts, minipumps, and other infusion devices such as pumps 
and syringes. Implantable or injectable polymer matrices, and transdermal formulations, from which active ingredients 
are slowly released are also well known and can be used in the present invention. 
10 Suitable infusion devices for use in the present invention include syringe pumps, auto injector systems and 

minipumps. Exemplary devices include the Ambulatory Infusion Pump Drive, Model 30, available from Microject Corp., 
Salt Lake City, Utah, and the Baxa Syringe Infuser, avalable from Baxa Corporation, Englewood, Colorado. Any 
device capable of delivering histamine in the manner described below can be used in the methods of the present 
invention. 

15 The infusion devices of the present invention preferably have an effective amount of histamine, histamine 

dihydrochloride, histamine phosphate, serotonin, a 5HT agonist, an receptor agonist or a substance which induces 
the release of an effective therapeutic amount of endogenous histamine contained therein. The device can be pre- 
loaded with the desired substance during manufacture, or the device can be filled with the substance just prior to 
use. Pre-fUed infusion pumps and syringe pumps are wel known to those of skill in the art. The active substance 

20 can be part of a formulation which includes a controlled release carrier, if desired. A controller is used with the 
device to control the rate of administration and the amount of substance to be administered. The controller can be 
integral with the device or it can be a separate entity. It can be pro-set during manufacture, or set by the user just 
prior to use. Such controllers and their me with mf usion devices are wefl known to those of skill in the art 

Controlled release oral formulations are also well known. Active compound is incorporated into a sohible 

25 or erodibte matrix. Hydrophific gums, such as hydroxymethylceUulose. are commonly used. A lubricating agent such 
as magnesium stearate, stearic acid, or calcium stearate can be used to aid in the tableting process. 

For the purpose of parenteral administration, histamine or compounds which induce endogenous histamme 
release can be combined with distHed water, preferably buffered to an appropriate pH and having appropriate (e.g., 
isotonic) salt concentrations. Histamine formulations can be provided as a liquid or as a powder which is 

30 reconstituted before use. They can be provided as prepackaged vials, syringes, or injector systems. 

Controlled release preparations can be achieved by the use of polymers to complex or absorb the histamine. 
The controlled delivery can he exercised by selecting appropriate macromolacule such as polyesters, polyamino acids, 
polyvinylpyrrolidone, ethylenevinyl acetate, methylceRulose, carboxymethylcellulose, and protamine sulfate, and the 
concentration of these macromolacule as wefl as the methods of incorporation are selected in order to control release 

35 of active compound- 
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Hydrogels, wherein the histamine compound is dissolved in an aqueous constituent to gradually release over 
time, can be prepared by copolymerization of hydrophrfic mono-olefinic monomers such as ethylene glycol 
methacrylate. Matrix devices, wherein the histamine is dispersed in a matrix of carrier material can be used. The 
carrier can be porous, non-porous, solid, semi-solid, permeable or impermeable. Alternatively, a device comprising a 
5 central reservoir of histamine surrounded by a rate controlling membrane can be used to control the release of 
histamine. Rate controlling membranes include ethylene-vinyl acetate copolymer or butylene 
^terephthalate/polyteuamethylene ether terephthalate. Use of silicon rubber depots are also contemplated. 

Transdermal patches, steady state reservoirs sandwiched between an impervious backing and a membrane 
face, and transdermal formulations, can also be used. A rate-controllng outer microporous membrane, or 
10 micropockets of histamine dispersed throughout a silicone polymer matrix can be used to control the release rate. 
These transdermal patches and formulations can be used with or without use of a penetration enhancer such as 
dimethylsulf oxide (DMSO), combinations of sucrose fatty acid esters with a sulfoxide or phosphoric oxide, eugenol 
or Azone. 

Another possible method to control the release of histamine is to incorporate the histamine into particles 
15 of a polymeric material such as polyesters, polyamino acids, hydrogels, poly lactic acid, or ethylene vmylacetate 
copolymers. 

Alternatively, instead of incorporating histamine into these polymeric particles, it is possible to entrap the 
histamine in microcapsules prepared, for example, by coacervation techniques, or by interfacial polymerization, for 
example hydroxymethylceBulose or gelatiiHnicrocapsulas, respectively, or in colotdal drug delivery systems, for 

20 example, liposomes, albumin microspheres, tnicroemulsions, nanoparticlas, and nanocapsules, or in macroemulsions. 
Such technology is wed known to those of ordinary skill in pharmaceutical sciences. 

Preferably, the histamine is injected, infused, or released into the patient at a rate of from about 0.025 
to 0.2 mg/min. A rate of about 0.1 mgjmin is preferred. The histamine is preferably administered over a period of 
time ranging from about 1, 3 or 5 minutes to about 30 minutes, with an upper limit of about 20 minutes being 

25 preferred, such that the total daily adult dose of histamine ranges from between about 0.4 to about 10.0 mg, with 
about 0.5 to about 2.0 mg being preferred. Histamine administered over longer periods of time, longer than 
about 30 minutes, has been found to result in decreased or lack of efficacy, whOe rapid administration over less than 
1 - 3 minutes can cause more pronounced and serious side effects, which include anaphylaxis, heart failure, 
bronchospasm, pronounced flushing, discomfort, increased heart rate and respiratory rate, hypotension, and severe 

30 headache. 

Administration of each dose of histamine can occur from once a day to up to about four times a day, with 
twice a day being preferred. Administration can be subcutaneous, intravenous, intramuscular, intraocular, oral or 
transdermal, and can utilize direct hypodermic or other injection or infusion means, or can be mediated by a controlled 
release mechanism of the type disclosed above. Any controlled release vehicle or infusion device capable of 
35 administering a therapeutically effective amount of histamine over a period of time ranging from about 1 to about 
30 minutes can be used. 
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'l^itdition to histamine, histamine dihydrochloride, histamine phosphate, other histamine salts, esters, 
congeners, prodrugs, and receptor agonists, the use of serotonin, 5HT agonists, and compounds which induce 
release^of-histamine from the patient's own tissues is also included within the scope of the present invention. 
Retinoic acid, other retinoids such as 9-cis-retinoic acid and alHrans-retinoic acid, IL-3 and mgestihle allergens are 

5 compounds which are known to induce the release of endogenous histamine. These compounds can be administered 
to the patient by oral, intravenous, intramuscular, subcutaneous, and other approved routes. However, the rate of 
administration should result in a release of endogenous histamine in the rage of from about 0.05-2.0 mg/min. 

Administration of each dose of a compound which induces histamine release can occur from once per day 
to up to about four times a day, with twice per day being preferred. Administration can be subcutaneous, 

10* intravenous, intramuscular, intraocular, oral, or transdermal, and can incorporate a controlled release mechanism of 
the type disclosed above. Any controfled release vehicle capable of administering a therapeutically effective amount 
of a compound which induces histamine release over a period of time ranging from about one to about thirty minutes 
can be used. 
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WHAT IS CLAIMED IS : 

1. Use of histamine or a histamine-mducing compound in the preparation of a medicament for 
producing elevated, stable circulating levels of histamine in a patient 

2. Use according to Claim 1, wherein said medicament is further for administration in conjunction with 
5 a second therapeutic agent. 

3. Use according to Claim 2, wherein the second therapeutic agent is a chemotherapeutic agent. 

4. Use according to any of Claims 1*3, wherein said histamine or histamine-inducing compound is 
selected from the group consisting of pharmaceutical^ acceptable forms of histamine, histamine dfoydrochloride, 
histamine phosphate, histamine salts, histamine esters, histamine congeners, histamine prodrugs, H, receptor agonists, 

10 5HT agonists, serotonin, retinoic acid, retinoids, IL-3 and ingestible allergens. 

5. Use according to any of Claims 14, wherein said medicament is for treating a mafignancy, a viral 
disease or a neoplastic disease. 

6. A composition comprising histamine or a histamme-inducing compound, together with a controfled 
release carrier, said carrier having the property of delivering said composition at a rate of about 0.025 to 0.2 

15 mg/minute, at a rate which results in the release of about 0.025 to 0.2 mg/minute endogenous histamine, or for a 
period of time not less than one and not greater than thirty minutes. 

7. The composition of Claim 6, wherein said controlled release carrier is selected from the group 
consisting of polymers, gels, microspheres, liposomes, tablets, capsules, infusion pumps, syringe pumps, ocular inserts, 
transdermal formulations, hydrophiic gums, microcapsules, and colloidal drug delivery systems. 

20 8. A device for administering a therapeutically effective amount of a substance selected from the 

group consisting of pharmaceutical^ acceptable forms of histamine, histamine dihydrochloride, histamine phosphate, 
histamine salts, histamine esters, histamine congeners, histamine prodrugs, serotonin, 5HT agonists, H 2 receptor 
agonists, substances which induces the release of an effective therapeutic amount of endogenous histamine, retinoic 
acid, retinoids, IL-3 and ingestible atargens comprising: 

25 an infusion device; 

said therapeuticaBy effective amount of said substance; and 

a controller which delivers said substance over a period of time not less than one and not greater 
than thirty minutes. 

9. The device of Claim B, wherein said controller delivers said therapeutically effective amount of 
30 said substance over a period of time not less than five and not greater than twenty minutes. 

10. The device of Claim 8, wherein said therapeutically effective amount of said substance is about 
0.4 to 10 mgjday. 

11. The device of Claim 8, wherein said therapeutically effective amount of said substance is about 
2.0 mg/day. 

35 12. The device of Claim 8, wherein said therepeuticaly effective emount of said substance results in 

the release of about 0.025 to 0.2 mg/minute endogenous histamine. 
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13. The device of Claim 8, wherein said controller delivers said therapeutically effective amount of 
said substance at a rate of about 0.025 to 0.2 mgfminute. 

14. The device of Claim 8, further comprising a controlled release carrier contained within said infusion 
device together with said substance. 

15. A method for treating a patient having a malignancy, neoplastic disease or viral disease, 
comprising: 

a) administering histamine or a histamine inducing compound to said patient over a period of time such that 
a stable, elevated blood histamine concentration is achieved. 

16. The method of Claim 15, further comprising administering a second therapeutic agent 

17. The method of Claim 16, wherein said second agent is an anti-cancer or anti-viral agent. 

18. The method of Claim 16, wherein said histamine or histamine inducing compound and said second 
agent aro administered separately. 
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